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DISTRIBUTING AN ELECTRONIC SIGNAL IN A STACKABLE DEVICE 

FIELD OF THE INVENTION 
[0001] The present invention generally relates to the transmission of electronic signals. 
The invention relates more specifically to distributing an electronic signal in a stackable 
device. 

BACKGROUND OF THE INVENTION 
[0002] The approaches described in this section may be pursued, but are not necessarily 
approaches that have been previously conceived or pursued. Therefore, unless otherwise 
indicated herein, the approaches described in this section are not prior art to the claims in this 
application and are not admitted to be prior art by inclusion in this section. 
[0003] One approach to distributing an electronic signal in a stackable device is to 
connect external wires to the each of the stackable devices. A problem with this approach is 
that the external wires are cumbersome and, in some cases, can lead to hazardous conditions; 
for example, the wires may present a tripping hazard. Another problem with the use of 
external wires is that their configuration requires expertise and is prone to error. For 
example, in many instances, only a limited number of certain devices can be connected 
together. If more than a preset number of devices are connected together, then the system 
will not function properly. For example, consider a computer that has limited capability to 
address memory on hard disk. If a human operator connects too many disk drives together 
and, thereby, more drive space than is addressable is added, the system will not function as 
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intended. Alternatively, in some systems only a limited number of output devices can be 
driven by a particular signal output. 

[0004] A second approach to distributing an electronic signal in a stackable device is to 
use a bus or a daisy chain. Either a bus or a daisy chain can involve wires that are internal to 
an encompassing case, but each still requires wires that are external to the stackable devices 
For example, a bus implemented as a ribbon cable connecting multiple disk drives is external 
to the disk drives, but internal to a computer case. Since the wires are external to the 
stackable devices, the approach still suffers the problems of cumbersome wires and expertise 
being needed to properly connect multiple devices to the bus or daisy chain. 
[0005] Both of these approaches also suffer in that neither has a manner to simplify 
configuration, and specifically to simplify the limitation of devices that can be 
interconnected. 

[0006] Therefore, given the discussion above, it is clearly desirable to have techniques 
that overcome the limitations discussed herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention is illustrated by way of example, and not by way of 
limitation, in the figures of the accompanying drawings and in which like reference numerals 
refer to similar elements and in which: 

[0008] FIG. 1 depicts a stackable unit configured to take two input signals. 
[0009] FIG. 2A is a logical view of a stackable unit. 

[0010] FIG. 2B is a rendering of an embodiment of the physical shape of a stackable unit. 
[0011] FIG. 3 depicts a stackable unit with three input connectors and three output 
connectors. 

[0012] FIG. 4 depicts an example base unit. 

[0013] FIG. 5 depicts a single base unit communicatively coupled to three stackable 
units. 

[0014] FIG. 6 depicts an embodiment of the techniques described herein for stackable 
network attached storage. 

[0015] FIG. 7 depicts a flow diagram for a method of distributing one or more electronic 
signals. 

[0016] FIG. 8 depicts a foreshortened top-rendered view of an example embodiment of a 
stackable unit 



50325-0852 (Seq. No. 8194) 



-3- 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0017] Techniques for distributing an electronic signal in a stackable device are 
described. In the following description, for the purposes of explanation, numerous specific 
details are set forth in order to provide a thorough understanding of the present invention. It 
will be apparent, however, to one skilled in the art that the present invention may be 
practiced without these specific details. In other instances, well-known structures and 
devices are shown in block diagram form in order to avoid unnecessarily obscuring the 
present invention. 

[0018] Embodiments are described herein according to the following outline: 

1 . 0 General Overview 
2.0 Structural Overview 

2.1 Approaches for Distributing Signals in a Stackable Device 

2.2 Example Embodiments 
3 . 0 Functional Overview 

4.0 Extensions and Alternatives 

1 .0 GENERAL OVERVIEW 

[0019] The needs identified in the foregoing Background, and other needs and objects 
that will become apparent for the following description, are achieved in the present 
invention, which includes, in one aspect, an apparatus for distributing a signal in a stackable 
unit, including a first input connector of two or more input connectors; a second input 
connector of two or more input connectors, wherein the first input connector is spaced apart 
from the second input connector, and the first input connector has a particular spatial 
relationship to the second input connector; a first output connector of two or more output 
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connectors; a second output connector of two or more output connectors, wherein the first 
output connector is spaced apart from the second output connector, and the first output 
connector has the same particular spatial relationship to the second output connector; means 
for communicatively coupling the first input connector and the second output connector; and 
a means for terminating the first output connector. 

[0020] In a related feature, the stackable unit is a stackable hub, wherein the two or more 
output connectors and the two or more input connectors are USB connectors, and wherein 
each of the two or more output connectors is disposed in a foot of the stackable hub and each 
of the two or more input connectors is disposed in a top portion of the stackable hub in a 
position substantially above a particular input connector of the two or more input connectors. 
In a related feature, the stackable unit is a stackable expansion module for network attached 
storage; the two or more output connectors and the two or more input connectors are USB 
connectors; and each of the two or more output connectors is disposed in a foot of the 
stackable expansion module and each of the two or more input connectors is disposed in a 
top portion of the stackable expansion module in a position substantially above a particular 
input connector of the two or more input connectors. 

[0021] In a related feature, the two or more output connectors include three or more 
output connectors; and the apparatus further includes a means for terminating a third output 
connector of the three or more output connectors, wherein the third output connector is 
spaced apart from both the first output connector and the second output connector. 
[0022] In a related feature, an aggregate input connector includes the two or more input 
connectors; and an aggregate output connector includes the two or more output connectors. 
In a related feature, the two or more input connectors are provided as two or more separate 
connectors and the two or more output connectors are provided as two or more separate 
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connectors. In a related feature, at least one of the two or more input connectors is located at 
one extreme of the apparatus and at least one of the two or more output connectors is located 
at a corresponding extreme on an opposite portion of the apparatus. 

[0023] In a related feature, the stackable unit is a stackable audio component, each of the 
two or more input connectors is capable of transmitting an audio signal. In a related feature, 
the stackable unit is a stackable video component, each of the two or more input connectors 
is capable of transmitting a video signal. In a related feature, each connector of the two or 
more input connectors and each connector of the two or more output connectors is capable of 
transmitting power and the second output connector is terminated by providing no power 
over the connector. In a related feature, the stackable unit is a stackable recording device and 
each connector of the two or more input connectors and each connector of the two or more 
output connectors is capable of transmitting a recordable signal and the means for 
terminating the second output connector includes a means for transmitting a signal that 
indicates that the recordable signal is not being transmitted over the second output connector. 
[0024] In a related feature, the second input connector of the two or more input 
connectors carries a particular signal, wherein the particular signal is a terminating signal and 
the apparatus further includes a means for detecting the terminating signal. In a related 
feature, each connector of the two or more input connectors and each connector of the two or 
more output connectors is capable of transmitting two or more signals. In a related feature, 
the stackable unit is a microchip and wherein each connector of the two or more input 
connectors and each connector of the two or more output connectors includes one or more 
pins on the microchip. In a related feature, each connector of the two or more input 
connectors and each connector of the two or more output connectors is capable of 
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transmitting a clock signal; and the means for terminating the second output connector 
includes sending a signal other than the clock signal over the second output connector. 
[0025] In another aspect, an apparatus is provided for distributing a signal in a stackable 
device including a means for providing a first output signal to a first stackable unit through a 
first output connector of two or more output connectors; a means for providing a second 
output signal to the first stackable unit through a second output connector of two or more 
output connectors, wherein the first output connector is spaced apart from the second output 
connector; and a means for determining which signal is provided to a particular unit by 
determining through which connector a particular signal is being provided. 
[0026] In another aspect techniques are provided for distributing a signal in a stackable 
unit, the method including the steps of providing a first input connector of two or more input 
connectors; providing a second input connector of two or more input connectors, wherein the 
first input connector is spaced apart from the second input connector, and the first input 
connector has a particular spatial relationship to the second input connector; providing a first 
output connector of two or more output connectors; providing a second output connector of 
two or more output connectors, wherein the first output connector is spaced apart from the 
second output connector, and the first output connector has the same particular spatial 
relationship to the second output connector; communicatively coupling the first input 
connector and the second output connector; and terminating the first output connector. 
[0027] In another aspect techniques are provided for distributing a signal in a stackable 
unit, the method including the steps of providing a first output signal to a first stackable unit 
through a first output connector of two or more output connectors; providing a second output 
signal to the first stackable unit through a second output connector of two or more output 
connectors, wherein the first output connector is spaced apart from the second output 
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connector; and determining which signal is provided to a particular unit by determining 
through which connector a particular signal is being provided. 



2.0 STRUCTURAL OVERVIEW 

2. 1 APPROACHES FOR DISTRIBUTING SIGNALS IN A STACKABLE DEVICE 
[0028] FIG. 1 depicts a stackable unit 101 configured to take two input signals. The 
stackable unit 101 comprises an aggregate input connector 170 and an aggregate output 
connector 160. Two or more stackable units 101 may be vertically stacked such that 
aggregate output connector 160 of a first stackable unit mates to an aggregate input connector 
170 of a second stackable unit. Any number of stackable units 101 up to a specified 
maximum number of units may be so stacked with respective connectors mated. 

[0029] In one embodiment, the aggregate input connector 170 comprises input 
connectors 120A, B. In another embodiment, the aggregate input connector 170 is a logical 
grouping of the input connectors 120A, B, and input connectors 120A, B are physically 
separate connectors. Alternatively, the aggregate input connector 170 is a single physical 
connector that comprises input connectors 120A, B. In various embodiments, aggregate 
input connector 170 comprises two or more input connectors 120A, B. 
[0030] In one embodiment, the aggregate output connector 160 comprises output 
connectors 1 10A, B. In another embodiment, the aggregate output connector 160 is a logical 
grouping of the output connectors 1 10A, B, and output connectors 1 10A, B are physically 
separate connectors. Alternatively, the aggregate output connector 160 is a single physical 
connector and comprises output connectors 1 10A, B. In various embodiments, aggregate 
output connector 160 comprises two or more output connectors 1 10A, B. 
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[0031] Input connectors 120 A, B are physical connectors that receive signals from the 
output connectors of other stackable units 101 or base unit 150 (e.g., see FIG. 5). In various 
embodiments, each input connector 120 A, B comprises conductive metal mechanisms to 
receive signals, provides optical, infrared, or radio receivers to receive signals, or any other 
appropriate means for receiving signals. In various embodiments, input connectors 120A, B 
each receives one or more signals. In various embodiments, input connectors 120A, B are 
each a single connector receiving one or more signals or are each two or more physically 
separate connectors with each separate physical connector each receiving one or more 
signals. 

[0032] Output connectors 1 10A, B are physical connectors which provide signals to the 
input connectors 120 A, 120B of other stackable units 101 when arranged in a vertical stack 
with the connectors mated (e.g., see FIG. 5). In various embodiments, each output connector 
1 10A, B comprises conductive metal mechanisms to transmit signals, provides optical, 
infrared, or radio transmitters to transmit signals, or any other appropriate means for 
transmitting signals. In various embodiments, output connectors 1 10A, B each transmit one 
or more signals. In various embodiments, output connector 1 10A, B are each single 
connectors each providing one or more signals or are each two or more physically separate 
connectors with each separate physical connector each providing one or more signals. 
[0033] In various embodiments, the signals traveling over each of the input connectors 
120A, B and output connectors 1 10A, B are the same signal, are the same type of signal, are 
different signals, or are different types of signals. For simplicity in description, example 
embodiments discussed herein will comprise multiple connectors which each provide the 
same (one or more) types of signals over each connector. Other embodiments of the 
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techniques described herein are possible and the choice of example embodiments in no way 
limits the techniques described herein. 

[0034] Input connector 120 A is communicatively coupled to output connector 1 1 OB by a 
link 102. In various embodiments, these, and other communicatively coupled items, are 
linked by any appropriate means including conductive metal; optical, infrared, or radio signal 
senders, receivers and communication; or any other appropriate communication mechanism. 
As such, the one or more signals provided to input connector 120 A are each provided to 
output connector HOB. 

[0035] In one embodiment, the link 102 communicatively couples connectors that are not 
vertically aligned. For example, a link 102 may connect an input connector 120A on the 
bottom, front, left of an apparatus to the top, front, right output connector 1 1 0B of an 
apparatus. In an arrangement where there are multiple input connectors and output 
connectors, it may be useful to link connectors that are not vertically aligned in order to 
physically limit the number of devices that can be effectively stacked on a base unit. In 
various embodiments, the input connectors are communicatively coupled by links to output 
connectors that are not vertically aligned with them and the links connect them in a counter 
clockwise, clockwise, or any appropriate pattern. In such embodiments, there are also one or 
more input signals that are consumed by the device and one or more of the output connectors 
has no signal or a terminating signal transmitted through it. The effect of these patterns of 
connections, the consumption of one or more of the input signals, and the transmission of no 
signal or terminating signals over one or more of the output connectors is that the number of 
devices that can receive valid signals is limited to, at most, the number of connectors. 
[0036] In one embodiment, the signal provided to output connector 1 1 OA is 
"terminated". In a related embodiment, output connector 1 1 OA is grounded and the 
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grounding is accomplished in any appropriate manner. In various embodiments, terminating 
a signal comprises providing no signal or a particular signal or signals on output connector 
1 1 OA to signify that it is not transmitting a signal from an input connector. The particular 
signal or signals might be called a "dial tone" signal. 

[0037] In one embodiment, the signal from the input connector 120B is not transmitted to 
any output connectors 1 1 OA or 1 1 OB. In one embodiment, the signal incoming on input 
connector 120B is consumed by the stackable unit 101. For example, if the signal incoming 
on input connector 120B was power, then the stackable unit 101 may consume the signal for 
use in powering the stackable unit 101 . 

[0038] As an example of an embodiment of FIG. 1 , consider stackable stereo equipment. 
Each input connector 120A, B receives two signals, one for digital audio input and one for 
power. A stackable unit 101, say for example a tape recorder uses the power signal from 
input connector 120B to power itself and uses the audio input signal from input connector 
120B to provide input audio to the tape recorder. The stackable unit 101 also transmits the 
signals incoming on input connector 120 A to the output connector HOB and provides no 
signals, e.g. no audio and no power, to output connector 1 10A. Either the aggregate input 
connector 170 and aggregate output connector 160 may be single connectors comprising the 
input connectors 120 A, B and output connectors 1 10A, B, respectively, or the input 
connectors 120A, B and output connectors 1 10A, B may each be physically separate physical 
connectors. 

[0039] FIG. 2A and FIG. 2B depict two views of a stackable unit 101 . FIG. 2A is a 
logical view of the stackable unit 101. FIG. 2B is a rendering of an embodiment of the 
physical shape of the stackable unit 101. The stackable unit 101 of FIG. 2 A and FIG. 2B is 
similar in many respects to the stackable unit 101 described above in FIG. 1. In FIG. 2 A and 
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FIG. 2B, however, unit 101 includes three input connectors 120A, B, C and three output 
connectors 1 10A, B, C. The input connectors 120A, B, C and three output connectors 1 10A, 
B, C have the structure and function described above with respect to connectors of FIG. 1. 
[0040] In one embodiment, input connector 120 A is communicatively coupled to output 
connector 1 10C by link 202. Link 202 has the structure described above for link 102 of FIG. 
1. In various embodiments, the output connector 1 10A, B are provided no signal or are 
provided a signal or signals that indicate that no signal is being transmitted from an input 
connector 120. In one embodiment, the signals received on input connectors 120B, C are not 
transmitted to any output connector 1 10A, B, C. In another embodiment, the signals from 
input connector 120B, C are consumed by the stackable unit 101. 

[0041] As an example of an embodiment of FIG. 2A, consider stackable network hubs. 
Each input connector 120A, B receives two signals: one network signal and one signal for 
power. The stackable unit 101, a network hub, uses the power signals from input connectors 
120B, C to power itself and uses the network input signal on input connectors 120B, C to 
provide network connections to devices communicatively coupled to the stackable hub 101. 
The stackable hub 101 also transmits the signals incoming on input connector 120 A to the 
output connector 1 IOC. It provides no signals, e.g. no network signal and no power, to 
output connectors 1 10A, B. By providing signals only over output connector 1 10C and no 
signal to output connectors 1 10A, B, the number of devices that can be effectively stacked on 
this device is limited to one. Moreover, any additional stackable unit 101 beyond the first 
unit 101 that is stacked directly or indirectly upon this unit 101 will receive no signal. 
[0042] In the embodiment depicted in FIG. 2B, the output connectors 1 10A, B, C are 
physically located on the top of the stackable unit 101 and the input connectors 120 A, B, C 
are located on the bottom of the stackable unit 101 . In various embodiments, the output 
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connectors 1 10A, B, C and input connectors 120 A, B, C are located on the bottom, top, sides, 
front, or back of the stackable unit. The location of the input connectors 120A, B, C and 
output connectors 1 10A, B, C in no way limits the scope of the techniques described herein. 
[0043] Further consider the example above given for FIG. 2 A with respect to FIG. 2B. 
The output connectors 1 10A, B, C and input connectors 120A, B, C may be USB connectors, 
for example. USB connectors can transmit numerous signals, including network, data 
signals, and power. In such a case, input connectors 120A, B, C are mounted in the feet of 
the stackable unit 101 and output connectors 1 10A, B, C are mounted in corresponding 
locations on the top of the stackable unit 101. For example, mounting the output connectors 
1 10A, B, C and input connectors 120A, B, C in such a manner is appropriate for signal 
transmittal in certain stackable devices with the form factor of FIG. 6. 
[0044] FIG. 3 depicts a stackable unit 101 with three input connectors 120A, B, C and 
three output connectors 1 10A, B, C. Embodiments of input connectors 120 A, B, C and 
output connectors 1 10A, B, C are described above. 

[0045] In the embodiment of FIG. 3, input connector 120 A is communicatively coupled 
to output connector 1 1 0B by link 302 A and input connector 120B is communicatively 
coupled to output connector 1 10C by link 302B. Links 302A, 302B have structures that are 
described above for link 102. In various embodiments, the one or more signals received at 
input connector 120 A are transmitted from output connector 1 1 0B or the one or more signals 
received at input connector 120B are transmitted from output connector 1 IOC. In various 
embodiments, the output connector 1 1 OA is terminated by providing no signal or providing a 
signal or signals that indicate that no signal is being transmitted from an input connector 120. 
In one embodiment, the signal received at input connector 120C is consumed by the 
stackable unit 101. 

-13- 

50325-0852 (Seq. No. 8194) 



[0046] For example, a stackable unit 101 may comprise a microchip. Each of the input 
connectors 120A, B, C comprises one or more pins on one part of the chip (e.g. on the 
bottom). Each of the output connectors 1 10A, B, C may be one or more pins located on a 
particular part of the chip (e.g. on the top). In such a case, the signal from input connector 
120A is transmitted to output connector HOB. The signal from input connector 120B is 
transmitted to output connector 1 10C. No signal is provided to output connector 1 10A. The 
signal over input connector 120C may be consumed by the stackable chip 101. For example, 
where multiple chips need to use a system clock, stackable chips as described herein may 
provide a short distance, direct communication of a clock signal to numerous stacked chips. 
[0047] FIG. 4 depicts an example base unit 150. In various embodiments, the base unit 
150 comprises one or more output connectors 1 10A, B, C. In the embodiment depicted in 
FIG. 4, the base unit 150 comprises output connectors 1 10A, B, C. The output connectors 
1 10A, B, C may each be one or more separate physical connectors or may be aggregated into 
one or more physical connectors. Embodiments of output connectors 1 10A, B, C are 
described above. 

[0048] In various embodiments, the base unit 150 provides one or more signals over each 
output connector 1 10A, B, C. In various embodiments, the base unit 150 provides the same 
or different types of signals over each output connector 1 10A, B, C. 
[0049] FIG. 5 depicts a single base unit 150 communicatively coupled to three stackable 
units 101A, B, C. 

[0050] Various embodiments of base units 150; stackable units 101 A, B, C; input 
connectors 120A, B, C, D, E, F, G, H, I, J, K, L; and output connectors 1 10A, B, C, D, E, F, 
G, H, I, J, K, L. Various embodiments of links 502A-O are described above with respect to 
link 102. In addition, in various embodiments, communicatively coupling between an output 
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connector 1 10A, B, C, D, E, F, G, H, I, J, K, L on a first stackable unit 101 and the input 
connector 120 A, B, C, D, E, F, G, H 5 1, J, K, L on a second stackable unit can be performed 
by a links 502G-502O by physically connecting the input connector 120A, B, C, D, E, F, G, 
H, I, J, K, L and the output connector 1 10A, B, C, D, E, F, G, H, I, J, K, L by enabling the 
transmission of optical, infrared, or radio signals between the input connector 120 A, B, C, D, 
E, F, G, H, I, J, K, L and the output connector 1 10A, B, C, D, E, F, G, H, I, J, K, L, or by any 
other appropriate means. For example, if the input connector 120 A and output connector 
1 1 OA are USB connectors, then the two may be communicatively coupled by plugging in the 
male USB connector (e.g. the input connector 120A) to the female USB connector (e.g. the 
output connector 1 10A). 

[0051] In one embodiment, base unit 150 comprises output connectors 1 10A, B, C. In 
one embodiment, stackable unit 101 A comprises output connectors 1 10 D, E, F and input 
connectors 120 D, E, F; input connector 120 D is communicatively coupled to output 
connector 1 10 E by link 502E; and input connector 120 E is communicatively coupled to 
output connector 1 10 F by link 502F. In one embodiment, stackable unit 101 B comprises 
output connectors 1 10 G, H, I and input connectors 120 G, H, I; input connector 120 G is 
communicatively coupled to output connector 1 10 H by link 502C; and input connector 120 
H is communicatively coupled to output connector 1 10 1 by link 502D. In one embodiment, 
stackable unit 101 C comprises output connectors 1 10 J, K, L and input connectors 120 J, K, 
L; input connector 120 J is communicatively coupled to output connector 1 10 K by link 
502 A; and input connector 120 K is communicatively coupled to output connector 1 10 L by 
link 502B. 

[0052] In one embodiment, and as depicted in FIG. 5, signals passed from base unit 150 
are transmitted through each of the stackable units 101 A, B, C. For example, a signal is 
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communicated among connectors 110A, 120D, 110E, 120H, 1101, and 120L via links 502G, 
E, K, D, O. In various embodiments, the signals transmitted through output connectors 
1 10A, 1 1 OB, 1 10C may be any appropriate signal, including power, network, audio, or a 
clocking signal 

[0053] In one embodiment, output connector 1 1 OA is communicatively coupled to input 
connector 120D by link 502G, which is communicatively coupled to output connector 1 10E 
by link 502E, which is communicatively coupled to input connector 120H by link 502K, 
which is communicatively coupled to output connector 1 101 by link 502D, which is 
communicatively coupled to input connector 120L by link 502O. In a related embodiment, a 
signal is transmitted from base unit 150 to stackable unit 101C via output connector 1 10A, 
input connector 120D, output connector 1 10 E, input connector 120H, output connector 1 101, 
and input connector 120L via links 502 G, E, K, D, O. 

[0054] In one embodiment, output connector 1 1 0B is communicatively coupled to input 
connector 120E by link 502H, which is communicatively coupled to output connector 1 10F 
by link 502F, which is communicatively coupled to input connector 1201 by link 502L. In a 
related embodiment, a signal is transmitted from base unit 150 to stackable unit 101B via 
output connector 1 10B, input connector 120E, output connector 1 10F, and input connector 
1201 via links 502 H, F, L. 

[0055] In one embodiment, output connector 1 10C is communicatively coupled to input 
connector 120F by link 5021. In a related embodiment, a signal is transmitted from base unit 
150 to stackable unit 101 A via output connector 1 10C and input connector 120F by link 
5021. 

[0056] r In one embodiment, output connector 1 10D is communicatively coupled to input 
connector 120G by link 5 02 J, which is communicatively coupled to output connector 1 10H 
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by link 502C, which is communicatively coupled to input connector 120K by link 502N, 
which is communicatively coupled to output connector 1 10L by link 502B. In various 
embodiments, a terminating signal, such as no signal or a particular signal or signals, is 
provided on output connector HOD of stackable unit 101 A to signify that it is not 
transmitting a signal from an input connector. In a related embodiment, no signal or a 
particular signal or signals is transmitted over each of the communicatively coupled 
connectors: output connector 1 10D, input connector 120G, output connector 1 10H, input 
connector 120K, output connector 1 10L via links 502J, C, N, B. 

[0057] In one embodiment, output connector 1 10G is communicatively coupled to input 
connector 120J by link 502M, which is communicatively coupled to output connector 1 10K 
by link 502A. In various embodiments, no signal or a particular signal or signals is provided 
on output connector 1 10G of stackable unit 101B to signify that it is not transmitting a signal 
from an input connector. In a related embodiment, a terminating signal, such as no signal or 
a particular signal or signals, is transmitted over each of the communicatively coupled 
connectors: output connector 1 10G, input connector 120 J, and output connector 1 10K via 
links 502M and A. 

[0058] In various embodiments, a terminating signal such as no signal or a particular 
signal or signals, is provided on output connector 1 10J of stackable unit 101C to signify that 
output connector 1 10J is not transmitting a signal from an input connector. 
[0059] As depicted in the embodiment of FIG. 5, the number of stackable units 
communicatively coupled to a base unit can be limited by the spatial relation of the 
connectors by the manner in which input connectors 120 and output connectors 1 10 are 
communicatively coupled within a single stackable unit 101 . In the particular example 
embodiment, in each stackable unit 101 A, B, C, the number of signals, originally from the 
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base unit 150, transmitted to the next higher stackable unit 101 is reduced by one. Because 
the number of signals transmitted from the base unit to the subsequent stackable unit 101 
ultimately is reduced to zero, a natural limitation of the number of units stacked is achieved. 
Whereas one may connect more stackable units 101, no signal from the base unit 150 is 
received at higher level units. There are a number of situations where such a limitation is 
useful, including controlling the number of stackable units for addressing reasons, power 
consumption reasons, aesthetic reasons, or marketing reasons. 

[0060] Various embodiments of the techniques described herein enable signals to be 
passed among multiple stacked devices without external cabling. Various embodiments of 
the techniques described herein also enable a stacked device to be communicatively coupled 
to a base unit without any intervening logic or wires external to the base unit or stackable 
units, even if the base unit and the stackable unit are not physically connected - this may be 
termed "discrete home runs". A discrete home run enables, among other things, 
determination of which stackable unit is connected to which signal. In an embodiment where 
the signal is two way, a discrete home run may be used to determine whether a stackable unit 
is connected or to determine the state of a connected stackable unit. 

2.2 EXAMPLE EMBODIMENTS 

[0061] A few example embodiments are described above. Other examples include 
stackable hard drives, stackable switches and hubs with a switch, hub, or router as a base 
unit, stackable duplication units, and many others. 

[0062] FIG. 6 depicts an embodiment of the techniques described herein for stackable 
network attached storage using a standard Linksys ™ case. The Linksys case of FIG. 6 is 
included for illustrative purposes only. The techniques described herein are in no way 
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limited to the case of FIG. 6 or any Linksys case. Any appropriate case or casing mechanism 
may be used. Illustrations of other example Linksys cases may be found at the Linksys 
website www.linksys.com. In the embodiment, the base unit 150 includes network 
connections and logic and may also include one or more disk drives. The stackable units 
101 A, B, C snap onto the top of the base unit and require no external cabling to receive 
signals from base unit 150 and communicate signals in the stack. The stackable units 101A, 
B, C may each house one or more disk drives. 

[0063] In the embodiments of FIG. 6, the connectors and links of the stackable units 101 
and base unit 150 are as depicted in FIG. 5. In various embodiments, each connector is a 
USB connector, is part of an aggregate input or output connector or is any other appropriate 
connector or set of connectors. The coupling of input connectors and output connectors may 
be accomplished in any manner described herein. 

[0064] In one particular embodiment, base unit 150 provides standard USB connectors in 
the top of each of the foot wells 602 A, 602B at the extremes of the top side 606 of base unit 
150 - e.g., one USB connector on each corner 608 on the top 606 of the unit 150. The 
stackable units 101 A, B, C each comprise an appropriate USB mating connector at the 
bottom of each foot 610. Therefore, two units (either a base unit 150 and a stackable unit 
101, or two stackable units 101) can be snapped together at the feet to form connections as 
shown in FIG. 5. A stackable unit 101 A, B, C connects one of these USB connectors in its 
feet 610 to its internal circuitry. 

[0065] The connection of the separate connectors may also be accomplished by 
aggregating the multiple input connectors and aggregating the multiple output connectors. In 
such an embodiment, the aggregate input connector of one stackable unit 101 may connect to 
the aggregate output connector of a different stackable unit 101 or a base unit 150. 
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[0066] Such embodiments as described with respect to FIG. 6 enable controlled 
expansion of network-attached storage available via the base unit 150. Such embodiments 
ensure discrete home runs from the base unit 150 to each of the connected stackable units 
101 A, B, C, control the number of stackable network attached storage units that may be used 
in the system, and eliminate the need for external wiring to connect the base unit and 
stackable units. One may build such a stackable network attached storage system in order to, 
among other reasons, limit the amount of storage available from a single system. This result 
may be useful as the logic in base units may be limited in the amount of memory it can 
address in the aggregated storage units. 

[0067] Another example embodiment of FIG. 5 and FIG. 6 is a stackable hub with a 
router as a base unit. In such an embodiment, the connectors and links depicted in FIG. 5 
may be used. The base unit 150 may have an aggregate output connector, containing two or 
more output connectors 1 10A, B, C, disposed on the top 606 of the base unit 150. The 
stackable hubs 101 A, B, C may each use a single network signal from an input connector 120 
of the two or more network signals passed from the base unit 150 or from the stackable hub 
101 below it. Each stackable hub may pass some of the input network signals, other than the 
one or more it is using, to the stackable hub above it (if there is one) because the appropriate 
input connector 120 is communicatively coupled to the appropriate output connector 110 (see 
FIG. 5). 

[0068] Such embodiments may ensure a discrete home run from the base router unit 1 50 
to each of the connected stackable hubs 101 A, B, C. These embodiments control the number 
of stackable hubs that may be used in the system, and may eliminate the need for external 
wiring to connect the base unit 150 and stackable units 101 A, B, C. One may build such a 
stackable router/hub system in order to limit the number of network connections available in 
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a particular system - which may be useful for controlling power distribution, abiding by 
driver logic, and adhering to network addressing limitations. 

[0069] Another example embodiment is a stackable media duplication system with a 
player as a base unit 150 and one or more recorders as stackable units 101 A, B, C for media 
such as compact discs (CDs), tapes, etc. The configuration may be similar to the one depicted 
in FIG. 5. In an example embodiment for audio CD duplication, base unit 150 is a player and 
has multiple output connectors 1 10A, B, C, disposed on the top of the base unit 150. The 
stackable units 101 A, B, C are CD recorders and each consume the signal from a single audio 
input connector 120 of two or more audio input connectors 120 passed from the base unit 150 
or the stackable recorder 101 below it. Each stackable recorder may pass the input audio 
signals, other than the one it uses, to the stackable recorder above it (if there is one) by 
ensuring that the appropriate input connector 120 is communicatively coupled to the 
appropriate output connector 110 (see FIG. 5). 

[0070] Such an embodiment may ensure a discrete home run from the base player unit 
150 to each of the connected stackable recorders 101 A, B, C, may control the number of 
stackable recorders that may be used in the system, and may eliminate the need for external 
wiring to connect the base unit and stackable units. One may build such a system to limit the 
number of recorders in order to, e.g., limit the power needed to generate the output audio 
signals. 

[0071] FIG. 8 depicts a foreshortened top-rendered view of an example embodiment of a 
stackable unit 101 . The left front output connector 1 1 OA on top may be communicatively 
coupled to the right front input 120B connector on the bottom by link 102 A; the right front 
output connector 1 1 0B on the top may be communicatively coupled to the right back input 
connector 120C on the bottom by link 102B; the right back output connector 1 10C on the top 
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may be communicatively coupled to the left back input connector 120D on the bottom by 
link 102C; and the left back output connector 1 10D on the top may be a dummy connector 
which passed no signal or a particular terminating signal. In one embodiment, the signal 
arriving over input connector 120D is consumed by the unit 101. 
[0072] Example embodiments such as the one depicted in FIG. 8 provide a physical 
layout for linking input connectors and output connectors. Such example embodiments may 
be used to limit the number of stackable units that may be stacked upon a base unit. The 
techniques described herein are in no way limited to such embodiments, and many other 
layouts and linking schemes are possible. 

3.0 FUNCTIONAL OVERVIEW 

[0073] FIG. 7 depicts a flow diagram for a method of distributing one or more electronic 
signals. 

[0074] In step 710, two or more input connectors are provided. In various embodiments, 
these connectors can receive signals comprising power, network, audio, video, or any other 
appropriate signal. In various embodiments, the connectors carry single signals or carry 
multiple signals. In various embodiments, the two or more input connectors are part of a 
single aggregate input connector or are part of separate connectors. For example, in the 
context of FIG. 1, two network signals are received at input connectors 120 A, B. 
[0075] In step 720, two or more output connectors are provided. In various 
embodiments, the output connectors carry signals comprising power, network, audio, video, 
or any other appropriate signal. In various embodiment, no signal or a terminating signal is 
provided over one or more output connectors of the two or more output connectors. For 
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example, in the context of FIG. 1, network and audio signals are provided at one of the 
output connectors 1 10B, and no signal is provided at the output connector 1 10A. 
[0076] In step 730, a first input connector of the two or more input connectors is 
communicatively coupled to a first output connector of the two or more output connectors. 
In various embodiments, the first input connector and the first output connector are 
communicatively coupled via conductive metal, optical, infrared, or radio transmission, or 
any other appropriate means. For example, in the context of FIG. 1, the input connector 
120 A is communicatively coupled to the output connector HOB using conductive metal. 
[0077] In step 740, a second output connector of the two or more output connectors, 
distinct from the first output connector, is terminated. In various embodiments, terminating 
this connector comprises providing no signal over the connector or providing a particular 
signal or signals that indicate that the output signal or signals are not "live", e.g. that the 
signals are not signals from input connectors. 

[0078] In various embodiments of the techniques of FIG. 7, a signal on the second input 
connector of the two or more input connectors, distinct from the first input connector, is 
consumed. For example, in the context of a stackable network hub, a network signal 
* incoming on the second input connector is used by a stackable network hub to provide 
network connection to network devices connected to the network hub. 
[0079] Such embodiments as described by FIG. 7 if applied to a stackable unit may 
ensure a discrete home run from a base unit to each of the connected stackable unit; may 
control the number of stackable units that may be used in the system, and may eliminate the 
need for external wiring to connect the base unit and stackable units. One may utilize these 
techniques for any of the reasons described above. 
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4.0 EXTENSIONS AND ALTERNATIVES 

[0080] In the foregoing specification, the invention has been described with reference to 
specific embodiments thereof. It will, however, be evident that various modifications and 
changes may be made thereto without departing from the broader spirit and scope of the 
invention. The specification and drawings are, accordingly, to be regarded in an illustrative 
rather than a restrictive sense. 
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